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Abstract 
The objective of this work is to produce lipid from isolated freshwater microalgae strains. Under photoautotrophic 
cultivation, a biomass of 1.67g/L with lipid of 23.94mg/L, 1.2g/L with lipid of 37.0mg/L, 1.13g/L with lipid of 36.4mg/L 
were obtained from microalgae isolate Chlorella sp. MSU1, Chlorella sp. MSU2 and Chlorella sp. MSU3, respectively. A 
biomass of 2.33g/L with lipid of 94.9mg/L, 2.73g/L with 398.9mg/L, 5.28g/L with lipid of 67.0mg/L were found from 
Chlorella sp. MSU1, Chlorella sp. MSU2 and Chlorella sp. MSU3, respectively, under heterotrophic condition. 
Heterotrophic lipid production of microalgae Chlorella sp. MSU2 reached the maximum of 797.7mg/L at 40 g/L glucose 
was obtained.  Maximum cell yield coefficient (YX/S) was found of 0.733 using 20 g/L glucose, whereas volumetric lipid 
production rate (QP) of 132.9mg/L/d was obtained using 40g/L glucose.  
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1. Introduction 
Microalgae are known as the third generation of biodiesel feedstocks. It was found that microalgae are the 
only source that can be sustainably developed in the future. Microalgae can be converted directly into energy, 
such as biodiesel, and therefore appear to be a promising source of renewable energy. Microalgae-derived 
 
* Corresponding author. Tel.: +66-43-202-377; fax: +66-43-202-377. 
E-mail address: ratlee@kku.ac.th. 
 2013 The Authors. Published by Elsevier B.V.
Sel ction and peer-review under resp nsibility of Asia-Pacific Chemical, Biological & Environmental Engineering Society.
Available online at www.sciencedirect.com
ScienceDirect
Open access under CC BY-NC-ND licen e.
Open access under CC BY-NC-ND license.
49 Ratanaporn Leesing et al. /  APCBEE Procedia  7 ( 2013 )  48 – 53 
biodiesel have emerged as one of the most promising alternative sources of lipid for use in biodiesel 
production because of their high photosynthetic efficiency to produce biomass and their higher growth rates 
and productivity compared to conventional crops [1, 2]. The most productive terrestrial energy crops, 
including palm and soybean oil, do not match the potential high productivity of microalgae [2, 3]. In addition, 
microalgae do not compete for land with crops used for food production, fodder and other products. 
Microalgae may assume many types of metabolisms, such as photoautotrophic, heterotrophic and mixotrophic 
growths [4]. Based on different microalgae and culture conditions such as temperature, nutrient and light 
intensity, microalgal oil content and composition are varied [5, 6]. The cellular lipid content in various classes 
of microalgae was improved significantly under stress conditions, such as nitrogen starvation, phosphate 
limitation and high Fe3+ concentration [7].  
Lipid content of some microalgae such as Scenedesmus sp., Chlorella sp., Neochloris oleoabundans can 
achieve from 20% to 50% of total cell dry weight [8], revealing the significant potential of biodiesel 
production. Many microalgae species can be induced to accumulate substantial contents of lipids. The cellular 
lipid content in microalgae reaches 75% in Botryococcus braunii, but is associated with a low productivity of 
biomass [2, 9]. The microalgae Chlorella sp., especially C. protothecoides and C. vulgaris are two widely 
available microalgae strains in the commercial applications. They showed great potentials as future industrial 
biodiesel producers due to their high growth rate, and their high oil contents and they can be cultured both 
under photoautotrophic and heterotrophic growths. However, to expand this third generation feedstock, 
research and development is needed in several domains, from the selection of suitable strains to the 
optimization of production process as well as the low cost of cultivation process to obtain a large amount of 
biomass and lipid productivity.  
Isolation and screening of native species for biodiesel production are important because they are already 
adapted to the local environment. In this study, lipid production of local or native isolated freshwater 
microalgae were investigate under photoautotrophic and heterotrophic cultivation, which were then 
subsequently screened for high biomass productivity and elevated levels of cellular lipid of selected 
microalgae strain.  
Abbreviations  
P :   Lipid concentration (mg/L), QP  : Volumetric lipid production rate (mg/L/d) 
QS : Volumetric substrate consumption rate (g substrate/L/d), QX  : Volumetric cell mass production rate (g cells/L/d) 
qp  : Specific rate of lipid production (mg lipid /g cells/d), μ : Specific growth rate coefficient (1/d) 
qs  : Specific rate of substrate consumption (g substrate/g cells/ d), S   : Substrate concentration (g/L)  
X  : Cell mass concentration (g/L), YP/S  : Process product yield (mg lipid/g substrate)  
YP/X  : Specific yield of lipid (mg lipid/g cells), YX/S  : Cell yield coefficient (g cells/g substrate) 
2. Materials and Methods 
2.1. Microalgae Strains and Culture Condition  
Three microalgae strains namely Chlorella sp. MUS1, Chlorella sp. MSU2 and Chlorella sp. MSU3 used, 
were isolated from freshwater taken from pond and water reservoir in the area of Sirindhorn Dam, Ubon 
Ratchathani province, northeastern region of Thailand. The seed culture for photoautotrophic growth was pre-
-30°C under continuous illumination by using 80W cool-white 
fluorescent lamps for 8 days. The seed culture of heterotrophic growth was pre-
medium supplemented with 20 g/L glucose at 28-30°C in an incubator shaker at a shaking speed of 150 rpm 
for 3 days. contained the following components (mg/L): NaNO3 250, K2HPO4 75, 
KH2PO4 175, CaCl2 25, NaCl 25, MgSO4.7H2O 75, and FeCl2 0.3, MnSO4.2H2O 0.3, ZnSO4 7H2O 0.2, 
H3BO3 0.2, CuSO4.5H2O 0.06, and pH was adjusted to 6.0 before sterilization.  
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Photoautotrophic cultivation was performed in 500-mL Erlenmeyer flasks with 200mL of medium, flasks 
were inoculated with 10% (v/v) seed culture and cultivated at 28-30°C under continuous illumination by using 
80W cool-white fluorescent lamps, and aeration was provided by bubbling air at regular pressure. 
Heterotrophic cultivation was investigated in 500-mL Erlenmeyer flasks containing 200mL of medium 
supplemented with 20g/L glucose, flasks were inoculated with 10% (v/v) seed culture and cultivated at 28-
30 C in rotary shaker set to 150 rpm.  
2.2. Lipid Production 
For selection of suitable lipid-producing microalgae strains, batch cultivations of three microalgae strains 
were performed in 500mL Erlenmeyer flasks, each containing 200mL of medium supplemented with 20g/L 
glucose, flasks were inoculated with 10% (v/v) seed culture of microalgae and cultivated at 28-30 C in rotary 
shaker set to 150 rpm. To study the effect of glucose concentration, the seed culture (10%, v/v) was 
inoculated into supplemented with glucose to formulate a medium with an initial 
concentration of 20, 30, 40 and 50 g/L.  
2.3. Analytical Methods  
Duplicate samples were analyzed for cell dry weight, and residual glucose. The culture broth (5 mL) was 
centrifuged at 5,000 rpm for 5 min. The supernatant was analyzed for glucose concentration according to 
DNS method [10]. Harvested biomass was washed twice with 5 mL of distilled water and then dried at 90°C 
to constant weight. The biomass was determined gravimetrically. The total lipids were determined by the 
modified method of Know and Rhee [11]. Lipid content was expressed as gram lipid per gram dry biomass.  
2.4. Determination of Growth Kinetic 
In fermentation, variables which are of great relevance to the economic evaluation of  biotechnological 
processes are the cell yield on a substrate (YX/S), specific growth rate (μ), volumetric substrate consumption 
rate (QS), specific substrate consumption rate (qs), product yield based on substrate (YP/S), specific product 
yield (YP/X) and volumetric product formation rate (QP). All these kinetic parameters have major technological 
importance in up scaling the fermentation process [12]. Volumetric lipid production rate (QP) was determined 
from a plot between lipids (g/L) and fermentation time, process product yield (YP/S) was determined from 
dP/dS, and specific product yield (YP/X) was determined using relationship dP/dX, while volumetric rate of 
substrate consumption (QS) was determined from a plot between substrate (g/L) present in the fermentation 
medium and fermentation time. Volumetric cell mass production rate (QX) was determined from a plot of dry 
cells (g/L) versus time of fermentation (d). The specific growth rate ( ) is the slope determined by plotting the 
natural log of biomass versus time for each substrate concentration during the initial phase of exponential 
growth before the substrate concentration decreases significantly while specific rate of lipid production (qP) 
was a multiple of μ and YP/X.  
2. Results and Discussion 
2.1. Screening of Microalgae strains 
To study the ability of cellular lipid accumulation of three microalgae strains, photoautotrophic and 
heterotrophic cultivation were investigated as a preliminary step. Photoautotrophic cultivation was continuous 
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illuminated using fluorescent lamp at room temperature for 14 days, while heterotrophic culture was carried 
out in the dark for 7 days. Based on total lipid, the maximum yield of cellular lipid content in stationary 
phase was observed as shown in Fig.1, Fig.2 and Table 1. A biomass of 1.67g/L with lipid yield of 23.9mg/L, 
1.20g/L with lipid yield of 37.0 mg/L and 1.13g/L with lipid yield of 36.4mg/L were obtained for Chlorella sp. 
MSU1, Chlorella sp. MSU2 and Chlorella sp. MSU3, respectively, under photoautotrophic growth after 10
days of cultivation time. A biomass of 2.33g/L with lipid yield of 94.9mg/L, 2.73g/L with lipid yield of 398.9 
mg/L and 5.28g/L with lipid yield of 67.0mg/L were obtained for Chlorella sp. MSU1, Chlorella sp. MSU2 
and Chlorella sp. MSU3, respectively, under heterotrophic growth after 6 days of cultivation time.
Fig. 1.Biomass concentration (a), lipid yield (b) during photoautotrophic growth of Chlorella sp. MSU1, Chlorella sp. MSU2 and 
Chlorella -30 C for 14 days.
Fig. 2.Biomass (a), lipid yield (b) and residue sugar (c) during heterotrophic growth of Chlorella sp. MSU1, Chlorella sp. MSU2 and
Chlorella sp. C for 7 days.
The result in Table 1 show that heterotrophic growth of three microalgae strains result in high lipid yield
with short period of cultivation time more than those of photoautotrophic growth, a biomass of 2.73 g/L with 
cellular lipid yield of 398.9mg/L of Chlorella sp. MUS2 with lipid production rate of 66.5g/L/d, were found 
under heterotrophic culture condition at day 6 of cultivation time. In contrast, under photoautotrophic culture 
of MSU2, a biomass of 1.2 g/L with cellular lipid yield of 37.0mg/L were obtained after 10 days of cultivation
time. The data obtained in the experimental results agreed with the data reported by Miao and Wu (2006),
with the addition of glucose to the medium, the heterotrophic culture of C. protothecoides was cultivated with 
the crude lipid content up to 55.2%CDW, which was about four times that in photoautotrophic culture. As the 
obtained result, the heterotrophic culture of microalgae Chlorella sp. MSU2 gave the highest lipid production
rate of 66.5mg/L/d, whereas Chlorella sp. MSU1 and Chlorella sp. MSU3, lipid production rate of 15.8 and 
11.2 mg/L/d were obtained, respectively. The obtained result presented that microalgae strain Chlorella sp.
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MSU2 is a suitable strain for lipid production under heterotrophic cultivation. Therefore, microalgae strain 
Chlorella sp. MSU2 was selected for further study.   
Table 1. Comparing of biomass and lipid accumulation of three microalgae under photoautotrophic cultivation at day 10 of cultivation 
time and heterotrophic cultivation at day 6 of cultivation time  
Microalgae strains  Photoautotrophic cultivation (day10) Heterotrophic cultivation (day6) 
Biomass 
(g/L) 
Lipid 
(mg/L) 
LPR* 
(mg/L/d) 
Biomass 
(g/L) 
Lipid 
(mg/L) 
LPR* 
(mg/L/d) 
Chlorella sp. MSU1 1.67 23.9 2.39 2.33 94.9 15.8 
Chlorella sp. MSU2 1.20 37.0 3.70 2.73 398.9 66.5 
Chlorella sp. MSU3 1.13 36.4 3.64 5.28 67.0 11.2 
*LPR = Lipid production rate 
2.2. Lipid Production by Selected Microalgae Chlorella sp. MSU2 
Based on preliminary screening we selected the isolate Chlorella sp. MSU2 for study the effect of glucose 
concentration on growth kinetic. Batch cultures were investigated to determine the suitable glucose 
concentration of the initial medium. Kinetic growth and lipid production was indicated in Table 2.  
Table 2. Fermentation kinetic parameters of microalgae Chlorella 
concentration at 30 C.  
Kinetic parameters   Glucose concentration (g/L)  
20 30 40 50 
X  (g/L) 2.73 4.52 5.72 5.56 
P (mg/L) 398.9 598.3 797.7 698.0 
μ  (1/d)  0.168 0.251 0.291 0.286 
QS (g substrate/L/d) 0.622 1.283 2.753 3.907 
QX  (g cells/L/d) 0.456 0.753 0.953 0.927 
QP  (mg/L/d) 66.48 99.72 132.9 116.3 
YX/S   (g cells/g substrate) 0.733 0.587 0.346 0.237 
YP/X  (mg lipid/g cells) 145.9 132.4 139.5 125.5 
YP/S  (mg lipid/g substrate)  106.9 77.70 48.30 29.80 
qS  (g substrate/g cells/ d) 0.227 0.284 0.481 0.703 
qP  (mg lipid /g cells/d) 24.46 33.28 40.54 35.89 
 
As shown in Table 2, the cellular lipid accumulation was quite low at low level of glucose concentration, 
then showed an increase when glucose concentration increased. Lipid production of microalgae MSU2 
reached the maximum of 797.7mg/L at 40 g/L glucose was obtained. Increasing of glucose concentration 
resulted in a decrease in cell yield coefficient values (YX/S), and an increase in lipid concentration (P). 
Maximum cell yield coefficient (YX/S, g/L) was found of 0.733 using 20 g/L glucose, whereas volumetric lipid 
production rate (QP, mg/L/d) of 132.9 was obtained using 40g/L glucose. Further increase in glucose beyond 
50g/L resulted in a slight drop in lipid concentration and biomass, suggesting that a considerable glucose 
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inhibitory effect had occurred. However, the comparison of process product yield (YP/S) in batch fermentation 
at high substrate concentration, it was obvious that increase of glucose concentration resulting in decrease of 
this kinetic parameter, suggesting to difficult for up scaling of lipid production by microalgae due to high 
substrate consumption rate and high concentration of glucose with lower level of nitrogen source could be 
effect the cell growth, because nitrogen source supported the cell growth, thus, depleted of nitrogen may 
result to low biomass. To solve these phenomena, further fed-batch fermentation should investigated with 
initial nitrogen-rich medium to obtain high biomass or high cell density at the early stage of cell growth, then 
high concentration of carbon source will feed onto culture medium for stimulate the cellular lipid 
accumulation. Fed-batch fermentation modes have been widely applied for microbial lipid production.  
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